This study continues to explore the plasticity of Toll-like receptor 2 (TLR2) previously described in immune response during Trypanosoma cruzi infection. Here, we have shown that Ly6C hi TLR2 hi monocytes were involved in TNF-␣ and IL-12 production, whereas Ly6C lo TLR2 hi monocytes were mainly committed to IL-10 and TNF-␣ production during T. cruzi infection independently of TLR agonist used (i.e. TLR2 or TLR9 agonists). Another difference between the monocyte populations is that the adapter Mal (encoded by TIRAP) has appeared crucial for the cytokine production by Ly6C lo but not by Ly6C hi monocytes. The protein Mal was necessary to induce cytokine synthesis by Ly6C lo monocytes after triggering TLR2 or TLR9. Finally, our data have suggested that TLR2, TLR9, and Mal/ TIRAP controlled differentially the emergence of the different TLR2 hi monocyte populations in the spleen. In summary, this study highlights the central role of the TLR2/Mal tandem in the distinct activity among the monocyte subsets during T. cruzi infection. Such findings provide a basis for understanding the challenge posed by the use of TLR2 agonist in immunotherapy.
This study continues to explore the plasticity of Toll-like receptor 2 (TLR2) previously described in immune response during Trypanosoma cruzi infection. Here, we have shown that Ly6C hi TLR2 hi monocytes were involved in TNF-␣ and IL-12 production, whereas Ly6C lo TLR2 hi monocytes were mainly committed to IL-10 and TNF-␣ production during T. cruzi infection independently of TLR agonist used (i.e. TLR2 or TLR9 agonists). Another difference between the monocyte populations is that the adapter Mal (encoded by TIRAP) has appeared crucial for the cytokine production by Ly6C lo but not by Ly6C hi monocytes. The protein Mal was necessary to induce cytokine synthesis by Ly6C lo monocytes after triggering TLR2 or TLR9. Finally, our data have suggested that TLR2, TLR9, and Mal/ TIRAP controlled differentially the emergence of the different TLR2 hi monocyte populations in the spleen. In summary, this study highlights the central role of the TLR2/Mal tandem in the distinct activity among the monocyte subsets during T. cruzi infection. Such findings provide a basis for understanding the challenge posed by the use of TLR2 agonist in immunotherapy. TLRs 2 play a critical role in the innate immunity by recognizing the pathogen-associated molecular patterns, which may be expressed differentially according to the cell type (1, 2) . There is no rule concerning the function of TLRs in cells because the same TLR can assume distinct roles, and different TLRs can assume similar functions (3) (4) (5) . In the case of Trypanosoma cruzi (the causative agent of Chagas disease), several agonists from membrane and genome have been identified (6 -11) . As previously demonstrated, despite a differential use of TLR2 and TLR9 by immune cells, both receptors are involved in the establishment of pro-inflammatory response (5) . In addition to its role in inflammatory response, TLR2 has also been shown to assume an immunomodulatory function during the first stage of T. cruzi infection (5, 12) , which illustrates the plasticity of this receptor. A beneficial role for TLR2 signaling is described in mucosal homeostasis and defense against specific pathogens, whereas TLR2 signaling via other pathogens or after endogenous triggering is correlated with a more severe phenotype in infectious or inflammatory disease. Recently, the differential effects of TLR2 activation on distinct outcomes, including the influence over the expression of additional TLRs or PRRs on cells, has been reviewed by van Bergenhenegouwen et al. (13) .
Mal (MyD88 adaptor-like), encoded by the gene TIRAP (Toll-interleukin 1 receptor domain-containing adaptor protein), was initially described as a signaling adaptor protein leading to NF-B activation downstream of TLR4 (14, 15) and TLR2 (16, 17) . A role for Mal as a "bridging adaptor" has since been established with Mal recruited to the plasma membrane where it facilitates MyD88 (myeloid differentiation primary response gene 88) delivery to activated TLRs. Interestingly, Mal has been consistently associated with an immunoregulatory function (18, 19) . More specifically, studies from different groups have involved Mal in IL-10 production in several models (20 -22) . Recently, Ní Cheallaigh et al. have suggested a role for Mal outside the TLR system (23) .
To have a comprehensive overview of the functional consequence of TLR2 activation during T. cruzi infection, we have focused on monocytes that express TLR2. In mice, the monocyte subsets can be categorized by differences in the expression of Ly6C as classic (Ly6C hi ) or non-classic (Ly6C lo ) (24, 25) . The relationship between them is a matter of debate (26) addressing whether Ly6C hi monocytes give rise to Ly6C lo monocytes (27) or whether monocyte subsets arise independently of each other (28) . The strategy of using TLR2 as cell marker has permitted us to characterize splenic LyC6 hi TLR2 hi and Ly6C lo TLR2 hi populations as functional monocytes that produced pro and antiinflammatory cytokines, respectively, and to define that they appeared independently in the spleen during T. cruzi infection. Further, we were able to show that Mal was associated with the cytokine production by Ly6C lo TLR2 hi monocytes, but not by LyC6 hi TLR2 hi monocytes, after triggering TLR2 or TLR9.
Results

Characterization of Two Splenic Monocyte Populations
Expressing High Levels of TLR2 during the Acute Phase of T. cruzi Infection-We sought to define different splenic subpopulations of monocytes by using TLR2 as a marker. Gated CD11b ϩ MHCII ϩ cells corresponded to the principal splenic population expressing elevated TLR2 levels ( Fig. 1A) . When FIGURE 1. Two splenic monocyte populations characterized as Ly6C lo and Ly6C hi express high levels of TLR2 during the acute phase of T. cruzi infection. A, gating strategy for defining Ly6C lo and Ly6C hi TLR2 hi monocytes in spleen from healthy (non-infected (NI)) or infected (I) wild-type (C57Bl/6 WT) mice. The interpolations (CD11b versus MHCII/TLR2) allowed selecting a population CD11b hi MHCII ϩ TLR2 hi that was subgated on Ly6C versus CD11c. TLR2 expression and TNF-␣ production by Ly6C hi/lo monocytes were evaluated. B, representative dot plots with individual frequency values of Ly6C hi and Ly6C lo monocyte populations at 0, 4, and 7 days post-infection. C, frequency of CD11b hi MHCII ϩ TLR2 hi monocytes within splenic cells at 0, 4, and 7 days after infection. D, number of Ly6C hi/lo TLR2 hi monocytes within 10 6 splenic cells (acquired events) at 0, 4, and 7 days after infection. E and F, levels of expression of TLR2 on Ly6C hi/lo monocytes (MFI), and number of Ly6C hi/lo TLR2 hi TNF-␣ ϩ monocytes after triggering TLR2 with Pam3Cys at 0, 4, and 7 days post-infection. The results are displayed as means Ϯ S.D. of four animals representing three independent experiments. *, p Ͻ 0.05; **, p Ͻ 0.01; ***, p Ͻ 0.001 by the ANOVA and Bonferroni post-test. Mo, monocyte.
Ly6C and CD11c were used as additional markers, two distinct subtypes have emerged within CD11b hi MHCII ϩ TLR2 hi : Ly6C hi and Ly6C lo populations. The different surface markers used here allowed us to appoint CD11b hi CD11c ϩ MCHII ϩ Ly6C hi/lo TLR2 hi cells as monocytes after excluding the other myeloid cells. We verified that Ly6C hi TLR2 hi and Ly6C lo TLR2 hi populations were producers of cytokines (e.g. TNF-␣) when stimulated with Pam3Cys, a TLR2 agonist ( Fig.  1A) .
Next, we have quantified the evolution of these monocyte populations expressing TLR2 hi in the spleen during infection. As presented in the Fig. 1 (B and C) , an increase of the total population of TLR2 hi monocytes was observed, indicating a biological relevance of these cells in the first days of T. cruzi infection. However, differences appeared between Ly6C hi TLR2 hi and Ly6C lo TLR2 hi populations regarding cell number and proportion during the infection (Fig. 1, B and D) . At first, the low frequency of Ly6C lo TLR2 hi cells encountered in the spleen from non-infected mice contrasted with the high number of Ly6C hi TLR2 hi monocytes present in this organ. Interestingly, after 7 days of infection, the presence of monocytes was more marked for Ly6C lo TLR2 hi than Ly6C hi TLR2 hi population (82% versus 18%, respectively) ( Fig. 1B ). Furthermore, although the increase of Ly6C lo TLR2 hi monocytes appeared continuous during infection, a decrease of Ly6C hi TLR2 hi population was observed after 7 days of infection (Fig. 1D ). The number of Ly6C hi TLR2 hi cells correlated with the evolution of TLR2 expression on these cells, indicating that the increased Ly6C hi TLR2 hi population observed was due to an augment of TLR2 expression on Ly6C hi cells already present ( Fig. 1E ). Interestingly, the variation of TLR2 expression directly influenced the number of Ly6C hi cells producing TNF-␣ after stimulation with TLR2 agonist (Pam3Cys) ( Fig. 1F ). By contrast, no significant modulation of TLR2 levels was detected within Ly6C lo monocytes during infection, suggesting that the high levels of TLR2 represented an intrinsic characteristic of these monocytes (Fig. 1E ).
The Role of TLR2 and TLR9 in the Modulation of Splenic TLR2 hi Monocyte Number during T. cruzi Infection-As previously described, the evolution of the number of Ly6C hi TLR2 hi and Ly6C lo TLR2 hi splenic cells was different during infection. Therefore, we sought to define the factors able to influence this event, and we focused on TLR2 and TLR9 previously reported as important in T. cruzi infection (5, 9) . In the first set of experiments, total splenic cells were incubated in vitro with TLR2 or TLR9 agonists. As shown in the Table 1 , an increase of the number of Ly6C hi TLR2 hi monocytes has been observed in spleen cell culture from infected and non-infected mice in the presence of TLR agonists, indicating they may equally influence the Ly6C hi population. By contrast, the effect of TLR2 or TLR9 agonists led to a slight diminution of Ly6C lo TLR2 hi cell number that may correspond to a down-regulation of TLR2 expression or cell death.
To confirm the importance of the TLR pathway on regulation of monocyte populations, we compared the number of TLR2 hi monocytes in infected spleen from TLR9 Ϫ/Ϫ , TLR2 Ϫ/Ϫ , and WT mice ( Table 2 ). In the absence of TLR2 or TLR9, a significant reduction of Ly6C hi cell number was observed.
Importantly, the number of Ly6C lo cells was unchanged in the absence of TLR2 or TLR9. This corroborated with the results presented in the Table 1 . These findings suggest that the upregulation of Ly6C hi TLR2 hi number is under the control of TLR2 and TLR9 during T. cruzi infection.
Furthermore, we evaluated how the pro-inflammatory response that was crucial for the survival of T. cruzi infected mice could affect the evolution of monocyte numbers during the initial phase of infection (Table 2) . For this purpose, mice deficient in IL-12 were infected, and the splenic monocyte populations were analyzed. A significant diminution of Ly6C lo population was observed in the absence of IL-12 without alteration in the Ly6C hi cells. This led to the conclusion that the up-regulation of Ly6C lo TLR2 hi number is under the control of IL-12 during T. cruzi infection.
The Role of TLR2 and TLR9 in the Modulation of TLR2 Expression on Monocytes during T. cruzi Infection-Consider-
ing that TLR2 and TLR9 agonists were capable of modulating the number of Ly6C hi/lo TLR2 hi monocytes during infection, we verified whether these variations were due to a differential level of TLR2 expression. As shown in the Fig. 2 , the stimulation with TLR9 agonist induced a dramatic increase of TLR2 expression in Ly6C hi monocytes, whereas the TLR9 agonist effect was more discrete on Ly6C lo population, inducing a slight increase 
Effect of TLR agonists on the number of Ly6C hi TLR2 hi and Ly6C lo TLR2 hi monocytes from 7 days infected (I) mice
WT monocytes were cultured with TLR2 (Pam3Cys 1 g/ml) or/plus TLR9 (CpG DNA 1 g/ml) agonists for 12 h. The number of cells from non-infected (NI) mice was normalized as 1N for Ly6C hi or 1n for Ly6C lo monocytes (1N Ϸ 4000 cells/10 6 events; 1n Ϸ 1500 cells/10 6 events). The data are representative of three independent experiments (means Ϯ S.D. of four animals). The number of monocytes in the spleen from non-infected (NI) mice was normalized as 1N for Ly6C hi or 1n for Ly6C lo populations (1N Ϸ 4000 cells/10 6 events; 1n Ϸ 1500 cells/10 6 events). The data are representative of two independent experiments means Ϯ S.D. of four animals).
Mo-Ly6C
Mo-Ly6C hi TLR2 hi (X N)
Mo-Ly6C lo TLR2 hi (X n) of TLR2 expression. The incubation of monocytes with TLR2 agonist affected TLR2 expression in Ly6C hi without impact on Ly6C lo cells ( Fig. 2A ). These data clearly pointed out a differential influence of TLR agonists on monocyte populations from infected mice, confirming the results presented in Tables 1 and 2 .
To validate the involvement of TLR9 in the modulation of TLR2 expression, the level of TLR2 was evaluated in monocytes from infected mice deficient in TLR9. According to the data presented in the Fig. 2B , the absence of TLR9 significantly affected TLR2 expression in Ly6C hi cells, which correlated with the effect of the TLR9 agonist on this population. A moderate impact of TLR9 deficiency on TLR2 expression in Ly6C lo monocytes was observed.
Evaluation of the Capacity of Ly6C lo and Ly6C hi TLR2 hi Monocytes to Produce Cytokine after Triggering TLR2 or TLR9 -After showing that both TLR2 hi monocyte populations were controlled differentially by TLR agonists, we sought to define the capacity of these cells to produce cytokine in the presence of TLR agonists. For this purpose, splenic TLR2 hi monocytes were stimulated in vitro with TLR2 and TLR9 agonists and were marked with antibodies against intracellular cytokines. The frequencies of IL-10 ϩ , TNF-␣ ϩ , and IL-12 ϩ cells were shown in the Fig. 3 (A and B to Ly6C hi and C and D to Ly6C lo cells). The intracellular staining showed a significant increase in the percentage of Ly6C lo IL-10 ϩ and Ly6C lo TNF-␣ ϩ cells after TLR2 stimulation at 7 days post-infection. Indeed, approximately 40% of Ly6C lo cells were committed to IL-10 and TNF-␣ production. No significant synthesis of IL-12 by these cells was observed in the same conditions (Fig. 3, C and D) . Notably, a high number of Ly6C hi TLR2 hi cells from non-infected and infected spleens were involved in TNF-␣ synthesis (ϳ80%) and in less extend in IL-12 production (ϳ20%) after stimulation with Pam3Cys, but, importantly, these cells were unable to produce IL-10 under stimulation with TLR2 agonist (Fig. 3, A and B) . This clearly evidenced functional differences between monocyte populations. Further, splenic monocytes were stimulated with TLR9 agonist with similar results as shown in the Fig. 4 . Like in the presence of TLR2 agonist, TLR9 agonist induced an increased Ly6C hi IL-12 ϩ cell number (Fig.  4A ) and a significant increase in Ly6C lo IL-10 ϩ population (Fig.  4B) . Interestingly, the presence of TLR9 agonist led to an upregulation of Ly6C hi/lo TNF-␣ ϩ monocytes. According to these data, the functional monocyte population was characterized as TLR2 hi , and the cytokine pattern produced by Ly6C lo or Ly6C hi monocytes appeared different and independent of the type of TLR agonist.
To support the notion that the monocyte response was cell context-dependent and not TLR context-dependent, we quantified the amount of cytokine being produced per cell (median fluorescence intensity (MFI)) after incubation with the different TLR agonists (Fig. 5 ). When we analyzed the individual capacity of TLR2 hi monocytes to produce cytokine in response to TLR agonist, Ly6C hi cells were shown to be high producers of IL-12 in the presence of TLR2 or TLR9 agonists (Fig. 5A) , whereas Ly6C lo cells were specialized in IL-10 production after triggering TLR2 or TLR9 (Fig. 5B ). Both populations shared the capacity of synthesizing TNF-␣ independently of TLR agonist type. These data show a specialization of these monocyte subpopulations.
Impact of Mal/TIRAP Deficiency on the Inflammatory Response of TLR2 hi Monocytes during Infection-As revealed by our data, TLR agonists differentially influence Ly6C lo and Ly6C hi monocytes in term of number, TLR2 expression, and inflammatory properties. Also, different patterns of cytokine release have been detected in monocyte populations after triggering TLRs, suggesting the use of distinct signaling pathways by these cells. Because Mal/TIRAP, the adapter downstream of TLR2, has been consistently associated with an immune regulatory function, we have investigated its role in our infection model. According to the data presented in the Fig. 6 (A and B) , the absence of Mal did not significantly affect parasitemia and mortality of infected mice, indicating that this adapter was not required to mount the host defense response. The same has been previously published concerning TLR2 (9, 12) . Further, an increased inflammatory response illustrated by an augment of IL12p40, IFN-␥, and NO was associated with the absence of Mal as shown in the Fig. 6C . When we focused on monocytes, NOVEMBER 4, 2016 • VOLUME 291 • NUMBER 45 the deficiency in Mal affected the number of splenic Ly6C hi cells in a more pronounced way than the other monocyte population (Table 2 ). To evaluate the role of Mal in the cytokine synthesis by monocytes, we have primarily verified that TLR2 expression was unaffected in Mal Ϫ/Ϫ monocytes as presented in the Fig. 7A . This has allowed us to compare the cytokine production by WT and Mal Ϫ/Ϫ monocytes in the presence of TLR agonists. As shown in the Fig. 7B , the absence of Mal affected the Ly6C lo cell capacity to produce TNF-␣ after stimulation with TLR2 or TLR9 agonists. By contrast, the production of TNF-␣ by Mal Ϫ/Ϫ Ly6C hi monocytes remained intact in response to TLR2 or TLR9 agonists. Further, our results provided evidence of the connection between Mal and IL-10 production by Ly6C lo monocytes. The absence of Mal impeded 
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IL-10 synthesis by these cells (Fig. 7C) . In summary, the differential use of Mal by each subtype of monocyte was independent of the TLR stimuli, suggesting that Mal may be a key molecule to predefine the function of monocytes.
Discussion
Most pathogens possess different TLR agonists, which expand the possibility of interactions between the immune cells in the different lymphoid organs and so brings more complexity to the dissecting of host immune response (4) . The simultaneous activation of two or more TLRs represents the real situation during T. cruzi infection (5, 9) . As previously published, TLR2 appears to play a dual role during T. cruzi infection inducing a pro-inflammatory response in macrophage but controlling TLR9-dependent IL-12 production by DCs (5, 12) . Therefore, it appeared relevant to explore the role of TLR2 in monocytes during T. cruzi infection. In some reports, the presence of the TLR2 on monocyte has been assimilated to an inflammatory marker (29 -31) , but this covers only one aspect of TLR2 activity.
The present study has shown that monocytes constituted the cell population expressing the highest levels of TLR2 in the spleen. Previous studies have related a high level of TLR2 on monocytes in different models of infection in human (32) (33) (34) and mice (35) . According to our data, whereas the elevated TLR2 expression may constitute an intrinsic characteristic of Ly6C lo cells, it appears that TLR2 and TLR9 modulate TLR2 expression on resident Ly6C hi cells directly reflecting on the Ly6C hi TLR2 hi population cell size. This provides new insights into the cooperation between TLRs during innate immune response. By contrast, TLR2 and TLR9 agonists have no or little influence on Ly6C lo TLR2 hi cell number in the spleen. Such data led to the following hypothesis: Ly6C hi TLR2 hi and Ly6C lo TLR2 hi cells emerge independently in the spleen that is supported by the fact that both populations were differentially modulated after incubation in vitro with TLR2 and TLR9 agonist or in the absence of TLR2 or TLR9 during infection. Our data corroborated the conclusions of other groups claiming that the maturation of monocyte subsets occurs separately before migration in a differentiated stage toward secondary lymphoid organs, like spleen (36, 37) . Importantly, a correlation between the increased TLR2 expression and the production of inflammatory cytokines by the Ly6C hi TLR2 hi cells suggests that the high levels of TLR2 could provide a molecular signature for activated Ly6C hi monocytes. Others have previously reported an up-regulation of TLR2 expression on blood monocytes in patients with Kawasaki disease or sepsis, underlining that TLR2 may serve as an inflammatory marker and be responsible for the immunopathogenesis in different situations (30, 35, 38) .
In the absence of IL-12, a reduction of Ly6C lo cell population was observed that is in accord with the anti-inflammatory role of these cells, producers of IL-10. Interestingly, the lack of Mal mainly affected the inflammatory Ly6C hi cell number that may be linked to the higher inflammatory response observed in Mal Ϫ/Ϫ mice. Altogether, these data clearly demonstrated that the inflammatory environment controls the emergence of Ly6C lo or Ly6C hi cell population in the spleen. As is well known, the primary role of monocytes is considered to sense the environment to adapt the immune response.
A new concept has emerged from our data: the cytokine pattern exhibited by Ly6C lo TLR2 hi or Ly6C hi TLR2 hi monocytes was cell context-dependent and TLR context-independent. Whatever TLR agonist used, monocyte subpopulations produce the same cytokine pattern. Ly6C hi monocytes were involved in TNF-␣ and IL-12 production, which agrees with others studies defining these cells as pro-inflammatory cells (35, 39, 40) . On the other hand, Ly6C lo population was committed with TNF-␣ and IL-10 synthesis. Such results have put into question the fact that the same agonist can induce pro-or antiinflammatory cytokines. These findings have led us to compare the signaling pathways used by both cell populations after triggering TLR2 or TLR9.
According to our data, Mal was required for the TNF-␣ production by Ly6C lo monocytes, but not by Ly6C hi monocytes in response to TLR2 or TLR9 agonists. In addition, it was possible to connect the IL-10 production by Ly6C lo cells with the requirement of Mal, which reinforces the idea that Mal plays an immunoregulatory role during T. cruzi infection, as was observed in homeostasis and in other diseases (18) . This correlated with the phenotype of infected Mal Ϫ/Ϫ mice able to mount a host defense response and inducing higher levels of, IL-12, NO, and IFN-␥. The mechanism involved in the differential recruitment of Mal by both monocyte populations has not been elucidated but may result from differential expression of this adapter in monocytes. Because Mal plays a role as a key upstream of transcription factors, it may also influence the expression of other proteins in Ly6C lo cells, like FIZZ1, and arginase-1, that classically represent markers of M2-monocyte/ macrophage polarization (41) that in its turn may directly impact on cytokine pattern release by cells. Another explanation that may be advanced about the differential use of Mal by the monocyte populations concerns the possible interaction of co-receptor associated with TLR9 or/and TLR2 in one population but not in the other, which may differentially activate downstream signaling pathways.
Furthermore, our results indicate that TLR2 response did not require Mal in Ly6C hi cells. This parallels a study where Mal has been described as dispensable when the interactions between TLR2 and its agonist are prolonged or enhanced (42) . This may be achieved by using elevated concentration of TLR2 agonist (43) or may be by high level of TLR2 expression, as in Ly6C hi TLR2 hi cells. Our finding that Mal was required for cytokine production by Ly6C lo cells in response to the TLR9 agonist suggests that this adaptor plays a role in signaling from endosomal receptors. In the same way, Bonham et al. (44) have reported that Mal is required for signaling downstream of endosomal TLRs in response to viral nucleic acids including TLR9 agonist. It is possible that Mal may assume a role outside the conventional TLR signaling pathway to turn the Ly6C lo cell into cytokine producer. Through these data, we confirmed that the cytokine pattern exhibited by monocytes was TLR contextindependent and differentially engaged the responsibility of adapter protein like Mal/TIRAP.
Few studies using infection models have included a comparative analysis of the role of the different monocyte subsets. Therefore, our data bring new knowledge concerning the relative contributions of Ly6C hi versus Ly6C lo cells in a model of acute infection. Further, we have shown the requirement of Mal in monocyte biology independently of the type of TLR engaged. More studies will be necessary to better understand the TLR2/ Mal axis and to predict the effect of TLR2 therapy.
Experimental Procedures
Ethics Statement-All experiments involving animals were in accordance with guidelines set forth by the American Association for Laboratory Animal Science and with the recommendations in the Guide for the Care and Use of Laboratory Animals of the Brazilian National Council of Animal Experimentation and Federal Law 11.794 (October 8, 2008). All protocols developed for this work were approved by the Institutional Animal Care and Use Committee on Ethics of Animal Experimentation (Comitê de Ética em Experimentação Animal) from Universidade Federal de Minas Gerais (protocol 83/2012).
Mice-The wild-type (C57Bl/6 WT) and deficient animals in IL-12, TLR2, TLR9, and Mal/TIRAP were provided by the central animal facility of Centro de Pesquisas René Rachou or by the particular animal house of Dr. Sérgio Costa Oliveira (Universidade Federal de Minas Gerais) and kept in microisolators in heated animal room in Centro de Pesquisas René Rachou, Oswaldo Cruz Foundation (Belo Horizonte, Minas Gerais, Brazil). TLR2 Ϫ/Ϫ and TLR9 Ϫ/Ϫ mice were generated by Dr. Shizuo Akira at Osaka University (Osaka, Japan). All deficient animals were backcrossed with C57Bl/6 for at least eight generations.
Reagents-They were obtained from Sigma-Aldrich except for those indicated hereafter. The CpG DNA (TCGACGT-TTGGATCGGT) sequence is similar to one encountered in the T. cruzi genome and was synthetized in a phosphorothioate backbone and purchased from Coley pharmaceutical group (Wellesley, MA) (10) . Pam3Cysk was obtained from InvivoGen.
Experimental T. cruzi Infection-The mice were infected i.p. with 100 bloodstream trypomastigote forms of T. cruzi Y strain and euthanized 4 -7 days after infection. Parasitemia levels were evaluated by counting parasites in 5 l of blood from the tail vein, and mortality was assessed daily. Aliquots of the supernatants from splenic cells were collected after 48 and 72 h of culture for respective measurements of nitrite (nitric oxide) by the Griess reaction, IL-12/IL-23p40, and IFN-␥ with Duoset ELISA kits from R&D Systems Inc. (Minneapolis, MN) .
Flow Cytometric Assays and Analysis-Spleens were harvested from 6 -8-week-old C57Bl/6 or deficient mice and macerated in RPMI 1640 medium. The cell suspensions were centrifuged for 10 min at 700 ϫ g at 4°C, and the red blood lysis was performed using ACK lysing buffer by 10 min/4°C. After assays with 5 ϫ 10 6 cells/tube, the cells were stained with mAb specific to CD11b-PE-Cy7, MHCII-APC, Ly6C-eFluor 450, and CD11c-Alexa Fluor 488 (eBioscience) for immunophenotyping. Surface staining was performed in the dark for 30 min at 4°C in staining buffer. The data were collected by the cell analyzing LSRFortessa (BD Biosciences, Immunocytometry Systems) using BD FACSDiva TM software (BD Biosciences) and analyzed with FlowJo software (Tree Star). The results were presented as frequency (%), number of cells (# of cells/10 6 events), and levels of TLR2 expression or cytokine production (MFI).
Analysis of TLR2 Expression on Mouse Splenic Cells-To evaluate TLR2 expression, total splenic cells were stimulated with CpG DNA (1 g/ml) and Pam3Cys (1 g/ml) for 10 h. Then specific mAb anti-TLR2-PE (eBioscience) was added together with the antibodies for immunophenotyping mentioned above. After surface staining, the cells were washed twice with staining buffer followed by fixation in 1% paraformaldehyde. These assays were realized in the absence of the protein transport inhibitor brefeldin A (Sigma-Aldrich). Cells lacking TLR2 were used as a control for antibody binding; this strategy allowed us to identify the positive versus negative populations.
Analysis of Cytokines Production by Mouse Splenic Cells-To evaluate intracellular cytokine staining, total splenic cells were stimulated with CpG DNA (1 g/ml) or Pam3Cys (1 g/ml) for 12 h in the presence of 10 g/ml of brefeldin A. After immunophenotyping by labeling surface markers, the cells were permeabilized according to the kit instructions (Fix/Perm kit; BD Biosciences), and specific antibodies were added for IL-10-PE (BD Biosciences, Pharmingen), IL-12-PE, or TNF-␣-PE (eBioscience). Then the cells were washed twice with staining buffer followed by fixation in 1% paraformaldehyde.
Statistical Analysis-Analysis was performed using Graph-Pad Prism software. The statistical significance of the data were determined by an unpaired Student's test or a two-way analysis of variance (ANOVA) with Bonferroni post-test. The experiments were realized with averages Ϯ S.D. of four animals, and p TLR2 high Monocytes during T. cruzi Infection NOVEMBER 4, 2016 • VOLUME 291 • NUMBER 45 JOURNAL OF BIOLOGICAL CHEMISTRY 23839 values are shown with asterisks: *, p Ͻ 0.05; **, p Ͻ 0.01; and ***, p Ͻ 0.001.
